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APPARATUS AND METHOD FOR 
IMPLEMENTING A UNIFIED CLOCK 

RECOVERY SYSTEM 

BACKGROUND SECTION 

1. Field of the Invention 
This invention relates generally to techniques for manag 

ing electronic information, and relates more particularly to 
an apparatus and method for effectively implementing a 
unified clock-recovery System. 

2. Description of the Background Art 
Implementing effective methods for managing electronic 

information is a significant consideration for designers and 
manufacturers of contemporary electronic devices. 
However, effectively managing information utilized by elec 
tronic devices may create Substantial challenges for System 
designers. For example, enhanced demands for increased 
device functionality and performance may require more 
System processing power and require additional hardware 
resources. An increase in processing or hardware require 
ments may also result in a corresponding detrimental eco 
nomic impact due to increased production costs and opera 
tional inefficiencies. 

Furthermore, enhanced device capability to perform vari 
ous advanced operations may provide additional benefits to 
a System user, but may also place increased demands on the 
control and management of various device components. For 
example, an enhanced electronic device that effectively 
accesses, Stores, displays, and manipulates digital image 
data may benefit from an efficient implementation because 
of the large amount and complexity of the digital data 
involved. 

Due to growing demands on System resources and Sub 
Stantially increasing data magnitudes, it is apparent that 
developing new techniques for managing information is a 
matter of concern for related electronic technologies. 
Therefore, for all the foregoing reasons, developing effective 
Systems for managing electronic information remains a 
Significant consideration for designers, manufacturers, and 
users of contemporary electronic devices. 

SUMMARY 

In accordance with the present invention, an apparatus 
and method for effectively implementing a unified clock 
recovery System are disclosed. In one embodiment, initially, 
an analog video signal (Such as an NTSC or PAL analog 
Video signal) may be provided from an analog transmitter to 
an analog-to-digital converter (ADC) in a receiver device. 
The ADC may responsively convert the analog video signal 
into a converted digital Signal that preferably retains timing 
relationships from the analog video Signal. The ADC may 
then preferably provide the converted digital Signal to a 
frontend module in the receiver device. 
A timestamp generator in the analog frontend module may 

then preferably generate a Series of analog-Source times 
tamps corresponding to the converted digital Signal received 
from the ADC. The timestamp generator may repeatedly 
generate individual timestamps after a pre-defined acquisi 
tion unit of the converted digital Signal has been received, 
Starting with the beginning of an arbitrary line of Video 
information in the converted digital signal. In certain 
embodiments, the timestamp generator may preferably uti 
lize an acquisition unit that is equal to one video frame. 
However, in alternate embodiments, any other appropriate 
acquisition unit may be utilized. 
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2 
A timestamp processor from the analog frontend module 

may then preferably extract the analog-Source timestamps 
and Store them into a local memory along with pointers to 
corresponding analog-Source data. In certain embodiments, 
the timestamp processor may also perform various proce 
dures with the analog-Source timestamps to provide a pro 
cessed output from the analog frontend module through a 
Switch module to a backend clock recovery module in the 
receiver device. For example, in certain embodiments, the 
timestamp processor may utilize the analog-Source times 
tamps to calculate a input timing reference signal for use by 
the backend clock recovery module. 

In addition, a digital Video bitstream may similarly be 
provided from a digital transmitter to a digital frontend 
module of the receiver device. The foregoing digital bit 
Stream may preferably include a Series of digital-Source 
timestamps with timing information that corresponds to the 
digital bitstream. A timestamp processor from the digital 
frontend module may then preferably extract the digital 
Source timestamps, and Store them into the local memory 
along with pointers to corresponding digital-Source data. 

In certain embodiments, the timestamp processor may 
also perform various procedures with the digital-Source 
timestamps to provide a processed output from the digital 
frontend module through the Switch module to the backend 
clock recovery module. For example, in certain 
embodiments, the timestamp processor may utilize the 
digital-Source timestamps to calculate an input timing ref 
erence signal for use by the backend clock recovery module. 
The Switch module may preferably be controlled to select 

between either a processed output of the analog frontend 
module, or a processed output of the digital frontend mod 
ule. In certain embodiments, the Switch module may pref 
erably be controlled in response to an input signal Selection 
made by a system user of the receiver device. The Switch 
module may thus responsively provide the processed output 
of either the analog frontend module or the digital frontend 
module to the backend clock recovery module as an input 
timing reference Signal. 

In accordance with the present invention, the backend 
clock recovery module may selectively utilize the processed 
output of either the analog frontend module or the digital 
frontend module to control a voltage-controlled clock oscil 
lator to thereby generate a local clock. In certain 
embodiments, the backend clock recovery module may 
preferably generate a Series of output timestamps corre 
sponding to Video data that is output from the receiver 
device. The backend clock recovery module may then 
calculate an input timing difference value by Subtracting two 
Sequential analog-Source timestamps or digital-Source 
timestamps to thereby define the input timing of a corre 
sponding acquisition unit. 
The backend clock recovery module may similarly cal 

culate an output timing difference value by Subtracting two 
appropriate Sequential output timestamps to thereby define 
the output timing of that Same corresponding acquisition 
unit. The backend clock recovery module may then Subtract 
the foregoing input timing difference value from the corre 
sponding output timing difference value to produce a timing 
error for adjusting the Voltage-controlled clock oscillator to 
thereby optimize timing of the local clock of the receiver 
device. The present invention thus provides an improved 
apparatus and method for effectively implementing a unified 
clock-recovery System. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an electronic System, in 
accordance with one embodiment of the present invention; 
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FIG. 2 is a block diagram for one embodiment of the 
receiver of FIG. 1, in accordance with the present invention; 

FIG. 3 is a block diagram for one embodiment of the 
memory of FIG. 2, in accordance with the present invention; 

FIG. 4 is a block diagram for one embodiment of the clock 
manager of FIG.3, in accordance with the present invention; 

FIG. 5 is a block diagram for illustrating a unified clock 
recovery procedure, in accordance with one embodiment of 
the present invention; 

FIG. 6 is a block diagram for one embodiment of the 
backend clock recovery module of FIG. 5, in accordance 
with the present invention; 

FIG. 7 is a flowchart of method steps for performing an 
analog frontend clock recovery procedure, in accordance 
with one embodiment of the present invention; 

FIG. 8 is a flowchart of method steps for performing a 
digital frontend clock recovery procedure, in accordance 
with one embodiment of the present invention; and 

FIG. 9 is a flowchart of method steps for performing a 
unified backend clock recovery procedure, in accordance 
with one embodiment of the present invention. 

DETAILED DESCRIPTION 

The present invention relates to an improvement in clock 
recovery techniques. The following description is presented 
to enable one of ordinary skill in the art to make and use the 
invention, and is provided in the context of a patent appli 
cation and its requirements. Various modifications to the 
disclosed embodiments will be readily apparent to those 
skilled in the art, and the generic principles herein may be 
applied to other embodiments. Thus, the present invention is 
not intended to be limited to the embodiments shown, but is 
to be accorded the widest Scope consistent with the prin 
ciples and features described herein. 

The present invention comprises an apparatus and method 
for effectively implementing a unified clock-recovery 
System, and preferably includes an analog frontend module 
that may be configured to generate an analog-Source timing 
reference signal that is based upon analog-Source data. 
Similarly, a digital frontend module may extract a digital 
Source timing reference Signal based upon digital-Source 
data. 

A Switch module may then Select between the analog 
Source timing reference signal and the digital-Source timing 
reference Signal to thereby provide a Selected input timing 
reference Signal to a unified backend clock recovery module. 
The backend clock recovery module may then compare the 
Selected input timing reference Signal with an output timing 
reference Signal in order to generate a timing error for 
advantageously adjusting a local clock to thereby compen 
Sate for the foregoing timing error. 

Referring now to FIG. 1, a block diagram of an electronic 
system 110 is shown, in accordance with one embodiment of 
the present invention. In the FIG. 1 embodiment, electronic 
system 110 may preferably include, but is not limited to, a 
data Source 114, an analog transmitter 116, a Source clock 
118, a digital transmitter 120, a data destination 126, and a 
receiver 130. In alternate embodiments, electronic system 
110 may readily be implemented using various components 
and configurations in addition to, or instead of, those dis 
cussed in conjunction with the FIG. 1 embodiment. For 
example, analog transmitter 116 and digital transmitter 120 
may reside on Separate data Sources. In addition, analog 
transmitter 116 and digital transmitter 120 may each be 
coupled to a separate Source clock. Further, System 110 may 
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4 
also readily include multiple analog Sources or multiple 
digital Sources. 

In the FIG. 1 embodiment, data source 114 may be 
implemented as any desired type of electronic entity or 
System. For example, data Source 114 may include a com 
puter device, a Video Storage device, one or more Video 
cameras, a compact disc (CD) player, or a Video broadcast 
ing transmission System. In the FIG. 1 embodiment, analog 
transmitter 116 and digital transmitter 120 may be imple 
mented in any effective manner to transmit appropriate data 
from data Source 114. 

In the FIG. 1 embodiment, analog transmitter 116 may 
preferably transmit an analog video Signal from data Source 
114 via path 122 in accordance with any appropriate analog 
Standard. For example, analog transmitter 116 may transmit 
a Video Signal from data Source 114 in accordance with a 
National Television Standards Committee (NTSC) standard. 
Furthermore, in the FIG. 1 embodiment, digital transmitter 
120 may preferably transmit a multiplexed bitstream 
(including a Video bitstream) from data Source 114 via path 
124 in accordance with any appropriate Standard. For 
example, digital transmitter 120 may transmit a multiplexed 
bitstream (including a video bitstream) from data source 114 
in accordance with a Motion Picture Experts Group stan 
dard. In certain other embodiments, analog transmitter 116 
and digital transmitter 120 may alternately transmit other 
types of information from various other information Sources 
in accordance with any other appropriate format or Standard. 
For example, although the present invention is discussed in 
the context of analog and digital Video data, the principles 
disclosed herein may readily be applied to non-Video data in 
any format, especially wherein the data is transmitted at a 
certain clock frequency which must be recovered at the 
receiver 130. 

In the FIG. 1 embodiment, data destination 126 may be 
implemented as any desired type of electronic entity or 
System. For example, data destination 126 may include a 
computer device, a Video display device, a digital versatile 
disk (DVD) decoder device, a television settop box device, 
or a video broadcasting receiver device. In the FIG. 1 
embodiment, receiver 130 may be implemented in any 
effective manner to receive data from data Source 114. One 
exemplary configuration and corresponding functionalities 
for receiver 130 are further discussed below in conjunction 
with FIG. 2. 

Referring now to FIG. 2, a block diagram for one embodi 
ment of the FIG. 1 receiver 130 is shown, in accordance with 
the present invention. In the FIG. 2 embodiment, receiver 
130 preferably includes, but is not limited to, a central 
processing unit (CPU) 212, a voltage-controlled clock oscil 
lator 214, a display 216, a device memory 220, one or more 
input/output interface(s) (I/O interface(s)) 224, an analog 
to-digital converter (ADC) 232, and a voltage-controlled 
oscillator (VCO) 236. Selected ones of the foregoing com 
ponents of receiver 130 may preferably be coupled to, and 
communicate through, a receiver bus 228. 

In alternate embodiments, receiver 130 may readily be 
implemented using various components and configurations 
in addition to, or instead of, those discussed in conjunction 
with the FIG. 2 embodiment. In addition, receiver 130 may 
be implemented as part of any desired type of electronic 
system. For example, in certain embodiments, receiver 130 
may be implemented as part of a video display System, a 
computer device, or an electronic device that Supports 
wireless electronic communications. 

In the FIG.2 embodiment, CPU 212 may be implemented 
to include any appropriate and compatible microprocessor 
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device that preferably executes Software instructions to 
thereby control and manage the operation of receiver 130. 
The FIG. 2 display 216 preferably may include any effective 
type of display technology including a cathode-ray-tube 
monitor or a liquid-crystal display device. In the FIG. 2 
embodiment, memory 220 may be implemented to include 
any combination of desired Storage devices, including, but 
not limited to, read-only memory (ROM), random-access 
memory (RAM), and various types of non-volatile memory, 
Such as floppy disks or hard disks. The contents and func 
tionality of memory 220 are further discussed below in 
conjunction with FIGS. 3 and 4. 

In the FIG. 2 embodiment, I/O interface(s) 224 may 
preferably include one or more input and/or output inter 
faces to receive and/or transmit any required types of 
information for receiver 130. For example, in the FIG. 2 
embodiment, receiver 130 may utilize I/O interface(s) 224 to 
communicate with digital transmitter 120 (FIG. 1) via path 
124. In addition, I/O interface(s) 224 may communicate with 
analog transmitter 116 (FIG. 1) through ADC 122 via path 
122. 

Referring now to FIG. 3, a block diagram for one embodi 
ment of the FIG. 2 memory 220 is shown, in accordance 
with the present invention. In the FIG. 3 embodiment, 
memory 220 preferably includes, but is not limited to, 
application Software 312, an operating System 316, a clock 
manager 320, analog-Source data 324, digital-Source data 
328, analog-Source timestamps 332, and digital-Source 
timestamps 336. In alternate embodiments, memory 220 
may readily include various other components in addition to, 
or instead of, those components discussed in conjunction 
with the FIG. 3 embodiment. 

In the FIG. 3 embodiment, application software 312 may 
include program instructions that are preferably executed by 
CPU 212 (FIG. 2) to perform various functions and opera 
tions for receiver 130. The particular nature and function 
ality of application Software 312 preferably varies depend 
ing upon factorS Such as the Specific type and particular 
functionality of the corresponding receiver 130. In the FIG. 
3 embodiment, operating system 316 preferably controls and 
coordinates low-level functionality of receiver 130. 

In accordance with the present invention, receiver 130 
may preferably utilize clock manager 320 to advantageously 
perform unified clock recovery procedures to thereby com 
pensate for various types of timing errors in either analog 
Source data 324 from analog transmitter 116, or in digital 
Source data 328 from digital transmitter 120. In alternate 
embodiments, clock manager 320 may readily be imple 
mented in various types of electronic devices other than 
receiver 130. The implementation and utilization of clock 
manager 320 is further discussed below in conjunction with 
FIG. 4 through FIG. 9. 

In the FIG. 3 embodiment, analog-source timestamps 332 
may preferably include timestamps that are created from 
analog-Source data 324. Similarly, digital-Source timestamps 
336 may preferably include timestamps that are extracted 
from digital-source data 328. In the FIG. 3 embodiment, 
analog-Source timestamps 332 and digital-Source times 
tamps 336 may preferably be implemented using any appro 
priate and effective format. The origin and utilization of 
analog-Source timestamps 332 and digital-Source times 
tamps 336 are further discussed below in conjunction with 
FIGS. 5-9. 

Referring now to FIG.4, a block diagram for one embodi 
ment of the FIG. 3 clock manager 320 is shown, in accor 
dance with the present invention. In the FIG. 4 embodiment, 
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6 
clock manager 320 may include, but is not limited to, an 
analog frontend module 412, a digital frontend module 416, 
a switch module 420, and a backend clock recovery module 
424. In alternate embodiments, clock manager 320 may 
readily include various other components in addition to, or 
instead of, those components discussed in conjunction with 
the FIG. 4 embodiment. 

In the FIG. 4 embodiment, analog frontend module 412, 
digital frontend module 416, Switch module 420, and back 
end clock recovery module 424 may preferably be imple 
mented to perform portions of a unified clock recovery 
procedure, as discussed below in conjunction with FIG. 5. In 
the FIG. 4 embodiment, clock manager 320 is disclosed and 
discussed as being implemented as a group of Software 
modules that are executed by CPU 212 (FIG. 2). However, 
in alternate embodiments, various components and/or func 
tionalities of clock manager 320 may readily be imple 
mented as appropriate electronic hardware circuits that are 
configured for performing various functions that are equiva 
lent to those functions discussed herein in conjunction with 
analog frontend module 412, digital frontend module 416, 
Switch module 420, and backend clock recovery module 
424. 

Referring now to FIG. 5, a block diagram 510 illustrating 
a unified clock recovery procedure is shown, in accordance 
with one embodiment of the present invention. In alternate 
embodiments, the present invention may readily perform 
unified clock recovery procedures by utilizing various 
components, configurations, and techniques in addition to, 
or instead of, those discussed in conjunction with the FIG. 
5 embodiment. 

In the FIG. 5 embodiment, an analog video signal (such 
as an NTSC or PAL analog video signal) may be provided 
to ADC232 from an analog transmitter 116 (FIG. 1) via path 
122. ADC 232 may responsively convert the analog video 
Signal into a converted digital Signal that preferably retains 
timing relationships from the analog video signal. The 
converted digital signal may be formatted in any effective 
manner. For example, converted digital Signal may be for 
matted according to a 656 digital bitstream Standard. ADC 
232 may preferably produce the converted analog Signal by 
utilizing a Sampling frequency provided from a Voltage 
controlled oscillator (VCO) 236. ADC 232 may then pref 
erably provide the converted digital Signal to analog fron 
tend module 412 via path 516. 

In the FIG. 5 embodiment, a timestamp generator 520 
may then generate a Series of analog-Source timestamps 332 
corresponding to the converted digital Signal received from 
ADC 232. Timestamp generator 520 may repeatedly gener 
ate individual timestamps after a pre-defined acquisition unit 
of the converted digital Signal has been received, starting 
with the beginning of an arbitrary line of Video information 
in the converted digital signal. In the FIG. 5 embodiment, 
timestamp generator 520 may preferably utilize an acquisi 
tion unit that is equal to one Video frame. However, in 
alternate embodiments, any other appropriate acquisition 
unit may be utilized. For example, timestamp generator 520 
may utilize an acquisition unit that is equal to one video 
field, one video line, or one video pixel. 

In the FIG. 5 embodiment, a timestamp processor 524 
may then preferably Store the analog-Source timestamps 332 
into memory 220 (FIG. 3) along with pointers to corre 
sponding analog-Source data 324. In certain embodiments, 
timestamp processor 524 may also perform various proce 
dures with analog-Source timestamps 332 to provide a 
processed output from analog frontend module 412 to back 
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end clock recovery module 424 through Switch module 420. 
For example, in certain embodiments, timestamp processor 
524 may utilize analog-Source timestamps 332 to calculate 
an input timing reference Signal for use by backend clock 
recovery module 424. 

In the FIG. 5 embodiment, a multiplexed bitstream 
(including a video bitstream) may similarly be provided to 
digital frontend module 416 from a digital transmitter 120 
(FIG. 1) via path 124. The multiplexed bitstream (including 
a Video stream) may be formatted in any effective manner. 
For example, the multiplexed bitstream (including the video 
bitstream) may be formatted according to a Motion Picture 
Experts Group (MPEG) standard. The foregoing digital 
bitstream may preferably include a Series of digital-Source 
timestamps 336 with timing information that corresponds to 
the digital bitstream. 

In the FIG. 5 embodiment, a timestamp processor 536 
may then preferably extract the digital-Source timestamps 
336, and store them into memory 220 (FIG. 3) along with 
pointers to corresponding digital-Source data 328. In certain 
embodiments, timestamp processor 536 may also perform 
various procedures with digital-Source timestamps 336 to 
provide a processed output from digital frontend module 416 
to backend clock recovery module 424 through Switch 
module 420. For example, in certain embodiments, times 
tamp processor 536 may utilize digital-Source timestamps 
336 to calculate an input timing reference Signal for use by 
backend clock recovery module 424. 

In the FIG. 5 embodiment, Switch module 544 may 
preferably be controlled via path 532 to thereby select 
between either the processed output of analog frontend 
module 412 on path 528, or the processed output of digital 
frontend module 416 on path 540. In the FIG. 5 
embodiment, Switch module 420 may preferably be con 
trolled in response to an input signal Selection made by a 
system user of receiver 130 (FIG. 2). Switch module 544 
may responsively provide the processed output of either 
analog frontend module 412 or digital frontend module 416 
to backend clock recovery module 424 as an input timing 
reference signal via path 544. 

In the FIG. 5 embodiment, backend clock recovery mod 
ule 424 may preferably utilize the selected output of either 
analog frontend module 412 or digital frontend module 416 
to control Voltage-controlled clock oscillator 214 via path 
548 to thereby generate a local clock on path 552. Backend 
clock recovery module 424 may be implemented in any 
effective manner. In certain embodiments, backend clock 
recovery module 424 may preferably generate an output 
timestamp every time an acquisition unit of Video data is 
output from receiver 130. One embodiment for backend 
clock recovery module 424 is further discussed below in 
conjunction with FIG. 6. 

In certain embodiments, timestamp processor 524 or 
backend clock recovery module 424 may calculate an input 
timing difference value by Subtracting two Sequential 
analog-Source timestamps 332 to thereby define the input 
timing (period/frequency) of a corresponding acquisition 
unit. Alternately, timestamp processor 536 or backend clock 
recovery module 424 may calculate an input timing differ 
ence value by Subtracting two Sequential digital-Source 
timestamps 336 to thereby define the input timing (period/ 
frequency) of a corresponding acquisition unit. 

Backend clock recovery module 424 may then calculate 
an output timing difference value by Subtracting two appro 
priate Sequential output timestamps to thereby define the 
output timing (period/frequency) of that same corresponding 
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8 
acquisition unit. Backend clock recovery module 424 may 
then Subtract the foregoing input timing difference value 
from the corresponding output timing difference value to 
produce a timing error for adjusting Voltage-controlled clock 
oscillator 214 to thereby control the timing of the local clock 
on path 552. 

Referring now to FIG. 6, a block diagram for one embodi 
ment of the FIG. 5 backend clock recovery module 424 is 
shown, in accordance with the present invention. In alternate 
embodiments, backend recovery module 424 may readily be 
implemented by utilizing various components, 
configurations, and techniques in addition to, or instead of, 
those discussed in conjunction with the FIG. 6 embodiment. 

In the FIG. 6 embodiment, backend clock recovery mod 
ule 424 may preferably receive an input timing reference 
Signal from either analog frontend module 412 or digital 
frontend module 416 through switch module 420 (FIG. 5) 
via path 544, and may responsively provide the input timing 
reference Signal to a first input of phase discriminator 614. 
As discussed above in conjunction with FIG. 5, frequency 
and phase characteristics of the input timing reference Signal 
may preferably be derived by utilizing either analog-Source 
timestamps 332 or digital-source timestamps 336. 

Similarly, Voltage-controlled clock oscillator 214 may 
preferably provide a local clock to a Second input of phase 
discriminator 614 via path 552, path 528(b), divider 630, and 
path 634. Phase discriminator 614 may preferably compare 
the phase and frequency of any two input signals and 
responsively generates a corresponding timing error on path 
618. In the FIG. 6 embodiment, the timing error from phase 
discriminator 514 may preferably be provided, via path 618, 
low-pass filter 622, and path 548(a), to voltage-controlled 
clock oscillator 214 to effectively control the phase and 
frequency of the local clock on path 522. 

In certain embodiments, various other components may 
be included in backend clock recovery module 424. For 
example, Voltage-controlled clock oscillator 548(a) may 
require a digital-to-analog converter (not shown) on path 
548(a) to convert a digital timing error into an analog timing 
error for effectively controlling Voltage-controlled clock 
oscillator 214. AS discussed above, backend recovery mod 
ule 424 may readily be implemented by utilizing various 
components, configurations, and techniques in addition to, 
or instead of, those discussed in conjunction with the FIG. 
6 embodiment. For example, various components and/or 
functionalities of backend recovery module 424 may readily 
be implemented as appropriate electronic hardware circuits 
that are configured for performing various functions which 
are equivalent to those functions discussed herein in con 
junction with a Software-implementation of backend clock 
recovery module 424. 

Referring now to FIG. 7, a flowchart of method steps for 
performing an analog frontend clock recovery procedure is 
shown, in accordance with one embodiment of the present 
invention. The FIG. 7 example is presented for purposes of 
illustration, and in alternate embodiments, the present inven 
tion may readily utilize various other StepS and Sequences 
than those discussed in conjunction with the FIG. 7 embodi 
ment. 

In the FIG. 7 embodiment, initially, in step 712, receiver 
130 may preferably receive an analog signal from data 
Source 114. Then, in Step 716, an analog-to-digital converter 
(ADC) 232 may preferably digitize the received analog 
Signal to produce a converted digital Signal, as discussed 
above in conjunction with FIG. 5. In step 720, receiver 130 
may preferably begin capturing the converted digital Signal 
into memory 220 (FIG. 2) as analog-source data 324 (FIG. 
3). 
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In step 724, analog frontend module 412 may preferably 
determine whether receiver 130 has captured a complete 
acquisition unit, as discussed above in conjunction with FIG. 
5. If a complete acquisition unit has not been captured, then 
the FIG. 7 process preferably returns to step 720 to continue 
capturing the converted digital signal. However, if a com 
plete acquisition unit has been captured, then in Step 728, 
analog frontend module 412 may preferably generate and 
Store a corresponding analog-Source timestamp 332 into 
memory 220. 

In step 732, receiver 130 determines whether there is 
more analog-Source data 324 from data Source 114. If 
receiver 130 determines that there is more analog-Source 
data 324 from data source 114, then the FIG. 7 process may 
preferably return to step 720 to continue capturing the 
converted digital signal. However, if receiver 130 deter 
mines that there is no more analog-Source data 324 from data 
Source 114, then the FIG. 7 process may preferably termi 
nate. 

Referring now to FIG. 8, a flowchart of method steps for 
performing a digital frontend clock recovery procedure is 
shown, in accordance with one embodiment of the present 
invention. The FIG. 8 example is presented for purposes of 
illustration, and in alternate embodiments, the present inven 
tion may readily utilize various other StepS and Sequences 
than those discussed in conjunction with the FIG. 8 embodi 
ment. 

In the FIG. 8 embodiment, initially, in step 812, receiver 
130 may preferably receive a digital bitstream from data 
Source 114. Then, in step 816, receiver 130 may preferably 
begin capturing the digital bitstream into memory 220 (FIG. 
2) as digital-source data 328 (FIG. 3). In step 820, digital 
frontend module 416 may preferably detect an initial digital 
Source timestamp 336 in the received digital bitstream. 
Then, in step 824, digital frontend module 416 may prefer 
ably extract and Store the detected digital-Source timestamp 
332 into memory 220. 

In step 828, receiver 130 determines whether there is 
another digital-Source timestamp 336 in the digital bit 
stream. If receiver 130 determines that there are other 
digital-Source timestamps 336 in the digital bitstream, then 
the FIG. 8 process may preferably return to step 824 to 
continue extracting and Storing the digital-Source times 
tamps 336 into memory 220. However, if receiver 130 
determines that there are no more digital-Source timestamps 
336, then the FIG. 8 process may preferably terminate. 

Referring now to FIG. 9, a flowchart of method steps for 
performing a unified backend clock recovery procedure is 
shown, in accordance with one embodiment of the present 
invention. The FIG. 9 example is presented for purposes of 
illustration, and in alternate embodiments, the present inven 
tion may readily utilize various other StepS and Sequences 
than those discussed in conjunction with the FIG. 9 embodi 
ment. 

In the FIG. 9 embodiment, initially, in step 912, backend 
clock recovery module 424 may preferably acceSS appro 
priate stored timestamps (either analog-Source timestamps 
332 or digital-Source timestamps 336) depending upon the 
position of Switch module 420, as discussed above in 
conjunction with FIG. 5. 

In step 916, backend clock recovery module 424 (or other 
appropriate entity) may next preferably calculate a timing 
error between an input video signal of receiver 130 and a 
corresponding output video signal of receiver 130, as dis 
cussed above in conjunction with FIG. 5. Then, in step 918, 
backend clock recovery module 424 may utilize the calcu 
lated timing error to adjust a local clock of receiver 130. 
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In step 920, receiver 130 may then advantageously utilize 

the adjusted local clock to Synchronize and output current 
data to an appropriate output device, Such as display 216 
(FIG.2). In step 924, receiver 130 may preferably determine 
whether there is more analog-Source data 324 or digital 
Source data 328 from data source 114 to output to the 
foregoing output device. If receiver 130 determines that 
there is more analog-Source data 324 or digital-Source data 
328 to output, then the FIG. 9 process may preferably return 
to step 912 to continue performing the unified backend clock 
recovery procedure. However, if receiver 130 determines 
that there is no more analog-Source data 324 or digital 
Source data 328 to output, then the FIG. 9 process may 
preferably terminate. 
The invention has been explained above with reference to 

certain embodiments. Other embodiments will be apparent 
to those skilled in the art in light of this disclosure. For 
example, the present invention may readily be implemented 
using configurations and techniques other than those 
described in the embodiments above. Additionally, the 
present invention may effectively be used in conjunction 
with systems other than those described above. Therefore, 
these and other variations upon the discussed embodiments 
are intended to be covered by the present invention, which 
is limited only by the appended claims. 
What is claimed is: 
1. A System for performing a unified clock recovery 

procedure, comprising: 
an analog frontend module configured to generate an 

analog-Source reference Signal based upon analog 
Source data; 

a digital frontend module configured to generate a digital 
Source reference signal based upon digital-Source data; 

a Switch module coupled to Said analog frontend module 
and Said digital frontend module for Selecting between 
one of Said analog-Source reference Signal and Said 
digital-Source reference Signal to thereby produce a 
Selected input reference Signal; and 

a backend clock recovery module configured to compare 
Said Selected input reference Signal with an output 
reference Signal in order to generate a timing error, Said 
backend clock recovery module then responsively 
adjusting a local clock to compensate for Said timing 
CO. 

2. The System of claim 1 wherein Said analog-Source data 
includes Video data that is formatted in accordance with an 
NTSC standard, and wherein said digital-source data 
includes a video bitstream that is formatted in accordance 
with an MPEG standard. 

3. The system of claim 1 wherein said analog frontend 
module, Said digital frontend module, Said Switch module, 
and Said backend clock recovery module are implemented as 
part of a receiver device that receives Said analog-Source 
data from an analog transmitter device, and that Similarly 
receives Said digital-Source data from a digital transmitter 
device. 

4. The System of claim 3 wherein an analog-to-digital 
converter converts Said analog-Source data into converted 
digital data that retains timing relationships of Said analog 
Source data, Said analog frontend module responsively Stor 
ing Said converted digital data into a local memory. 

5. The System of claim 4 wherein a timestamp generator 
from Said analog frontend module generates a Series of 
analog-Source timestamps corresponding to Said converted 
digital data. 

6. The System of claim 5 wherein Said timestamp genera 
tor repeatedly generates a new analog-Source timestamp 
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from Said Series of analog-Source timestamps each time an 
acquisition unit of Said converted digital data has been 
Stored into Said local memory. 

7. The system of claim 6 wherein said acquisition unit is 
Selected to be a pre-determined size that begins at a starting 
point of an arbitrary line of Video information in Said 
converted digital data, Said pre-determined size being at 
least one of a Video frame, a Video field, a Video line, and a 
Video pixel. 

8. The system of claim 5 wherein a timestamp processor 
from Said analog frontend module processes and Stores said 
analog-Source timestamps into a local memory. 

9. The system of claim 3 wherein a timestamp processor 
from Said digital frontend module extracts a Series of digital 
Source timestamps from Said digital-Source data, Said times 
tamp processor then Storing Said digital-Source timestamps 
into a local memory. 

10. The system of claim 3 wherein said Switch module 
Selects between one of Said analog-Source reference Signal 
and Said digital-Source reference Signal in response to a 
program Selection from a System user. 

11. The system of claim 3 wherein said backend clock 
recovery module provides Said timing error to a controllable 
clock oscillator to thereby adjust said local clock. 

12. The system of claim 11 wherein said backend clock 
recovery module is implemented as a phase-locked loop for 
controlling Said clock oscillator to produce Said local clock. 

13. The system of claim 12 wherein said phase-locked 
loop includes a phase discriminator that receives Said input 
reference Signal at a first input, Said phase discriminator 
receiving Said local clock from Said clock oscillator at a 
Second input, Said phase discriminator responsively gener 
ating Said timing error through a low-pass filter to control 
Said clock oscillator. 

14. The system of claim 11 wherein said backend clock 
recovery module calculates an input timing difference value 
by Subtracting either two Sequential analog-Source times 
tamps or two Sequential digital-Source timestamps, depend 
ing on an input signal Selection of Said Switch module. 

15. The system of claim 14 wherein said backend clock 
recovery module generates a Series of output timestamps, 
Said backend clock recovery module then calculating an 
output timing difference value by Subtracting two of Said 
Series of output timestamps that correspond to Said input 
timing difference value. 

16. The system of claim 15 wherein said backend clock 
recovery module Subtracts Said input timing difference value 
from Said output timing difference value to produce Said 
timing error for adjusting Said clock Oscillator to thereby 
control Said local clock. 

17. The system of claim 11 wherein said timing error is 
converted by a digital-to-analog converter before being 
applied to Said clock oscillator. 

18. The system of claim 11 wherein said backend clock 
recovery module utilizes Said timing error for controlling 
Said local clock to thereby match an average output timing 
rate of Said receiver to an average input timing rate of Said 
receiver. 

19. The system of claim 18 wherein said receiver utilizes 
Said local clock to Synchronize Selectively outputting one of 
Said analog-Source data and Said digital-Source data to an 
output device. 

20. The system of claim 1 wherein selected portions of at 
least one of Said analog frontend module, Said digital fron 
tend module, Said Switch module, and Said backend clock 
recovery module are implemented to include at least one of 
electronic circuitry and Software instructions. 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
21. A method for performing a unified clock recovery 

procedure, comprising the Steps of: 
generating an analog-Source reference signal based upon 

analog-Source data by utilizing an analog frontend 
module; 

generating a digital-Source reference signal based upon 
digital-Source data by utilizing a digital frontend mod 
ule, 

Selecting between one of Said analog-Source reference 
Signal and Said digital-Source reference signal with a 
Switch module to thereby produce a Selected input 
reference signal; 

utilizing a backend clock recovery module to compare 
Said Selected input reference Signal with an output 
reference Signal in order to generate a timing error; and 

adjusting a local clock with Said backend clock recovery 
module to thereby compensate for Said timing error. 

22. The method of claim 21 wherein Said analog-Source 
data includes video data that is formatted in accordance with 
an NTSC Standard, and wherein Said digital-Source data 
includes a video bitstream that is formatted in accordance 
with an MPEG standard. 

23. The method of claim 21 wherein said analog frontend 
module, Said digital frontend module, Said Switch module, 
and Said backend clock recovery module are implemented as 
part of a receiver device that receives Said analog-Source 
data from an analog transmitter device, and that Similarly 
receives Said digital-Source data from a digital transmitter 
device. 

24. The method of claim 23 wherein an analog-to-digital 
converter converts Said analog-Source data into converted 
digital data that retains timing relationships of Said analog 
Source data, Said analog frontend module responsively Stor 
ing Said converted digital data into a local memory. 

25. The method of claim 24 wherein a timestamp gen 
erator from Said analog frontend module generates a Series 
of analog-Source timestamps corresponding to Said con 
verted digital data. 

26. The method of claim 25 wherein said timestamp 
generator repeatedly generates a new analog-Source times 
tamp from Said Series of analog-Source timestamps each 
time an acquisition unit of Said converted digital data has 
been Stored into Said local memory. 

27. The method of claim 26 wherein said acquisition unit 
is Selected to be a pre-determined size that begins at a 
Starting point of an arbitrary line of Video information in Said 
converted digital data, Said pre-determined size being at 
least one of a Video frame, a Video field, a Video line, and a 
Video pixel. 

28. The method of claim 25 wherein a timestamp proces 
Sor from Said analog frontend module processes and Stores 
Said analog-Source timestamps into a local memory. 

29. The method of claim 23 wherein a timestamp proces 
Sor from Said digital frontend module extracts a Series of 
digital-Source timestamps from Said digital-Source data, Said 
timestamp processor then Storing Said digital-Source times 
tamps into a local memory. 

30. The method of claim 23 wherein said Switch module 
Selects between one of Said analog-Source reference Signal 
and Said digital-Source reference Signal in response to a 
program Selection from a System user. 

31. The method of claim 23 wherein said backend clock 
recovery module provides Said timing error to a controllable 
clock oscillator to thereby adjust said local clock. 

32. The method of claim 31 wherein said backend clock 
recovery module is implemented as a phase-locked loop for 
controlling Said clock oscillator to produce Said local clock. 
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33. The method of claim 32 wherein said phase-locked 
loop includes a phase discriminator that receives Said input 
reference Signal at a first input, Said phase discriminator 
receiving Said local clock from Said clock oscillator at a 
Second input, Said phase discriminator responsively gener 
ating Said timing error through a low-pass filter to control 
Said clock oscillator. 

34. The method of claim 31 wherein said backend clock 
recovery module calculates an input timing difference value 
by Subtracting either two Sequential analog-Source times 
tamps or two Sequential digital-Source timestamps, depend 
ing on an input signal Selection of Said Switch module. 

35. The method of claim 34 wherein said backend clock 
recovery module generates a Series of output timestamps, 
Said backend clock recovery module then calculating an 
output timing difference value by Subtracting two of Said 
Series of output timestamps that correspond to Said input 
timing difference value. 

36. The method of claim 35 wherein said backend clock 
recovery module Subtracts Said input timing difference value 
from Said output timing difference value to produce Said 
timing error for adjusting Said clock Oscillator to thereby 
control Said local clock. 

37. The method of claim 31 wherein said timing error is 
converted by a digital-to-analog converter before being 
applied to Said clock oscillator. 

38. The method of claim 31 wherein said backend clock 
recovery module utilizes Said timing error for controlling 
Said local clock to thereby match an average output timing 
rate of Said receiver to an average input timing rate of Said 
receiver. 

39. The method of claim 38 wherein said receiver utilizes 
Said local clock to Synchronize Selectively outputting one of 
Said analog-Source data and Said digital-Source data to an 
output device. 

40. The method of claim 21 wherein selected portions of 
at least one of Said analog frontend module, Said digital 
frontend module, Said Switch module, and Said backend 
clock recovery module are implemented to include at least 
one of electronic circuitry and Software instructions. 

41. A computer-readable medium comprising program 
instructions for performing a unified clock recovery proce 
dure by performing the Steps of 

generating an analog-Source reference signal based upon 
analog-Source data by utilizing an analog frontend 
module, 
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generating a digital-Source reference signal based upon 

digital-Source data by utilizing a digital frontend mod 
ule, 

Selecting between one of Said analog-Source reference 
Signal and Said digital-Source reference signal with a 
Switch module to thereby produce a Selected input 
reference signal; 

utilizing a backend clock recovery module to compare 
Said Selected input reference Signal with an output 
reference Signal in order to generate a timing error; and 

adjusting a local clock with Said backend clock recovery 
module to thereby compensate for Said timing error. 

42. A System for performing a unified clock recovery 
procedure, comprising: 
means for generating an analog-Source reference Signal 

based upon analog-Source data; 
means for generating a digital-Source reference Signal 

based upon digital-Source data; 
means for Selecting between one of Said analog-Source 

reference Signal and Said digital-Source reference Signal 
to thereby produce a Selected input reference signal; 

means for comparing Said Selected input reference Signal 
with an output reference signal in order to generate a 
timing error; and 

means for adjusting a local clock to compensate for Said 
timing error. 

43. A System for performing a unified clock recovery 
procedure, comprising: 

an analog frontend module configured to generate an 
analog-Source reference Signal; 

a digital frontend module configured to generate a digital 
Source reference Signal; 

a Switch module for Selecting between said analog-Source 
reference Signal and Said digital-Source reference Signal 
to thereby produce a Selected input reference Signal; 
and 

a backend clock recovery module configured to utilize 
Said Selected input reference Signal for determining an 
output timing error, Said backend clock recovery mod 
ule then adjusting a local clock to compensate for Said 
output timing error. 
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